In a deep, subalpine holo-oligomictic lake, the relative abundance of Archaea and Crenarchaeota, but not that of Bacteria, increases significantly with depth and varies seasonally. Cell-specific prokaryotic productivity is homogeneous along the water column. The concept of active Archaea observed in the deep ocean can therefore be extended to a deep oxic lake.
In a deep, subalpine holo-oligomictic lake, the relative abundance of Archaea and Crenarchaeota, but not that of Bacteria, increases significantly with depth and varies seasonally. Cell-specific prokaryotic productivity is homogeneous along the water column. The concept of active Archaea observed in the deep ocean can therefore be extended to a deep oxic lake.
The abundance, activity, and community composition of epilimnetic and hypolimnetic prokaryotes have been less thoroughly investigated in deep lakes than in oceans. Strong evidence that the depth gradient plays a role in modulating the balance between the domains of Bacteria and Archaea has been found in various marine systems (8, 12, 13, 20) . It has been shown that the percentage of Bacteria in the deep marine hypolimnion decreases (up to 5,000 m) while, conversely, the percentage of Archaea increases. The percentage of Crenarchaeota is also higher in the mesopelagic zone than in surface waters (10) .
Although Archaea have been found in a variety of freshwater habitats (3), little has thus far been published on differentiating between Bacteria, Archaea, and Crenarchaeota in the hypolimnion of deep lakes. An exception is a study of the high-altitude ultraoligotrophic Crater Lake (21, 22) , where group I marine Crenarchaeota were observed in deep-water populations (22) . This study and another study of various lakes from three continents (9) are based on summer sampling, making it impossible to ascertain the effects of temporal variability on the vertical distribution of Archaea and Crenarchaeota, as has been done for marine systems and shallow lakes (for examples, see references 8 and 11).
Our primary objective was to follow variations in the relative abundance of Bacteria, Archaea, and Crenarchaeota found in the hypolimnetic waters of a deep holo-oligomictic lake with a permanent oxic hypolimnion and compare them with those in the epilimnetic assemblages. We used the catalyzed reporter deposition fluorescence in situ hybridization (CARD-FISH) technique and compared the data thus obtained with prokaryotic productivity.
Environmental characteristics and samplings. Lake Maggiore is a large, deep, subalpine lake (surface, 212 km 2 ; maximum depth, 372 m) in Northern Italy included in the LTER network (http://www.ise.cnr.it/lter). The lake has recovered from an eutrophic state (15) and is now oligomesotrophic (2, 14) . A particular hydrodynamic feature of Lake Maggiore is that the full winter overturn occurs only at the end of a particularly cold and windy period (1) .
Temperature profiles (IDRONAUT OS316 multiparameter probe) indicated that stratification began in June ( Prokaryote community composition. CARD-FISH analyses for Archaea, Bacteria, and Crenarchaeota were performed in two replicates according to Pernthaler et al. (17) and Teira et al. (19) . We used the following oligonucleotide probes (Thermo-Hybrid, Germany): Archaea, Arch915; Bacteria, Eub338, Eub338-II, and Eub338-III (5); and Crenarchaeota, Cren537. The hybridization for Bacteria ranged from 49% to 71% of total DAPI (4Ј,6-diamidino-2-phenylindole) counts and was comparable to published data on aquatic systems (7, 16) . The difference between the Bacteria/Archaea ratio in the hypolimnion and that in the epilimnion highlights the increasing relative contribution of Archaea to total DAPI counts in deep water layers. During late summer stratification, Archaea account for 47% of total counts at 350 m (Fig.  2) . When all data were considered, the relative abundance of Archaea was significantly higher in the hypolimnion (P ϭ 0.028 by the Mann-Whitney U test) than in the epilimnion. Bacteria generally accounted for more than 50% of total DAPI counts. There was no significant difference in their relative abundances between the epilimnion and hypolimnion (P ϭ 0.505 by the Mann-Whitney U test). Crenarchaeota accounted for a significantly higher percentage in the hypolimnion (P Ͻ 0.001 by the Mann-Whitney U test), following the same pattern as Archaea. They contributed from 30% (mean in epilimnion) to 70% (mean in hypolimnion) of the total archaeal counts.
Our results agree with those obtained in oceans (4, 8, 20) , where pelagic Archaea and Crenarchaeota were found to increase at greater depths. Our data from a deep subalpine lake add new insight into the vertical distribution of Bacteria, Archaea, and Crenarchaeota under various limnological conditions during the year. There is a close relationship between marine Crenarchaeota and their counterparts in large lakes, based on identical lipid structures (3). This evidence suggests that in the deep hypolimnion of lakes, the pelagic Crenarchaeota may act as chemoautotrophs, oxidizing ammonia to nitrate (6) and fixing inorganic carbon in the dark (23) . The cold hypolimnion of Lake Maggiore is permanently oxygenated and may provide a niche for uncultivated mesophilic Crenarchaeota.
Depth profiles of prokaryotic abundance and productivity.
Total DAPI counts were used to calculate the abundance of (Fig. 4) . No significant difference was observed between epilimnetic and hypolimnetic cell-specific [ 14 C]Leu uptake (P ϭ 0.113 by analysis of variance). Conversely, total production levels were significantly different in the two zones (P Ͻ 0.001 by analysis of variance) (Fig. 4) .
The cell-specific productivity of prokaryotes did not change with depth. This evidence, together with the increasing relative abundance of Archaea and Crenarchaeota in the hypolimnion, supports the hypothesis that, in a deep lake, Archaea may be an active component of the prokaryotic community, as they have been found to be in oceans (20) . Also, similar temporal fluctuations in archaeal abundances suggest that Archaea have an effective role in microbial communities, as has been observed in oceans (4) .
Conclusions. Our results from in situ measurements demonstrated relatively unchanged cell-specific productivity along the water column, indicating that prokaryotes living in the hypolimnion are on average as active as those living in the epilimnion. The observed increment with depth in the relative abundance of Archaea and Crenarchaeota was always significant, although it varied unevenly through the seasons. The different abundances of Bacteria and Archaea in the epilimnion and hypolimnion suggest that they contribute differently to overall microbial activity in the two zones.
